ABSTRACT OBJECTIVE: Evaluation of ovarian reserve in infertile patients had become an important concept in assisted reproductive techniques success work-up. Recent studies reported an association between blood type and ovarian reserve. Therefore, the aim of this study was to analyze the relationship between blood type and ovarian reserve in infertile patients.
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female age still remains the most important predictor for assisted reproductive techniques (ART) success (2) . In fact, the number of follicles in ovaries reduces dramatically with advanced ages. Predominantly, a variety of measures, such as follicle stimulating hormone (FSH), anti-Müllerian hormone (AMH), Inhibin-B levels, and antral follicle count (AFC) with ultrasound are used to assess ovarian reserve (3, 4) . Ovarian reserve tests also help clinicians about predicting ovarian response for the treatment protocols and ART outcomes (5) .
Diminished ovarian reserve (DOR) usually characterized by FSH level >10 IU/L at early follicular phase (6). While measurement of FSH level is applicable, highly reproducible and most exploited parameter for evaluating ovarian reserve status in infertility practice, the most important drawback of this approach is that this hormone has a significant cycle-tocycle variation (7) . Due to this reality, combining FSH measurement with evaluation of the AFCs is thought to be more feasible in evaluating ovarian reserve.
Diminished ovarian reserve is associated with factors such as endometriosis, autoimmune diseases, infections and toxins, smoking, history of chemotherapy and radiotherapy due to malignancies and prior ovarian surgery (8) (9) (10) . Eventually, this diagnosis transforms into premature ovarian failure,
Introduction
Ovarian reserve reflects the quantity and quality of oocytes available for achieving a pregnancy (1) . While several tests and biochemical markers have used to determine ovarian reserve, which has several impacts on women health, including early onset menopause, osteoporosis and cardiovascular disease (11) . In case of DOR, clinicians should inform the couples about their relatively low possibility to obtain a pregnancy and update them about their options for treatment modalities.
As a known fact, ABO blood group antigens are glycoproteins which are expressed in many different tissues and cells such as epithelial cells, vascular endothelium and neurons in addition to erythrocyte membrane surfaces (12) . Based on this fact, the relationship to different pathologies to blood groups has been of interest to researchers, and its implications on ovarian functions was evaluated in different gynecologic conditions. In an earlier study, it was reported that blood group A was more common in patients with ovarian hyperstimulation syndrome (OHSS) (13) . Later, endometriosis has been reported to be more frequent in patients with blood group A (14).
In 2011, Nejat et al. come up with a finding that there was a relationship between ovarian reserve and blood types. They stated that antigen A was protective against development of DOR, while O blood group was a risk factor for DOR occurrence (15) . Subsequent to that report, Timberlake et al. did not find an association between the blood type O and increased occurrence of DOR (16) . After these first data, other researchers investigated this issue and reported divergent results. Therefore, we aimed to evaluate whether ovarian reserve and ART outcomes are associated with certain ABO blood groups.
Materials and Method
Female patients undergoing ovulation induction for infertility treatment at a university hospital from January 2018 to September 2018 were included in this retrospective study. The study was approved by the institutional research ethics committee, which was in accordance with the Declaration of Helsinki, 2013 (Brazil version) (2018-143).
Three hundred and eleven infertile patients between 20 and 42 years of age were included in this study, including anovulatory women and eumenorrheic women with a diagnosis of unexplained infertility for whom ovulation induction with gonadotrophins were indicated. Patients with prior chemotherapy, radiotherapy and ovarian surgery for any indication, history of severe autoimmune or chronic disease, incomplete data or records and lastly lost to follow-up were excluded. Written informed consents were obtained from all participant patient.
Data for each patient, including age, body mass index (BMI), duration of subfertility, AFCs, blood type and Rhesus (Rh) factor, were collected from the patient charts and electronic medical records. The primary outcome for analyses was association between ovarian reserve and blood types. DOR was defined by a day-3 FSH level of >10 mIU/mL and number of AFCs ≤5 was taken to reflect DOR (6, 7) . Serum FSH (mIU/mL) and estradiol (mIU/mL) levels were measured on the third day of the menstrual cycle. Pelvic ultrasound examination was carried out by using a Toshiba Xario 100 (Toshiba Medical Systems Corporation, Nasu, Japan) with a 7.5-MHz vaginal transducer and by the same specialists at the early follicular phase of the menstrual cycle. On the 3rd day of the cycle, AFC was the sum of antral follicles measuring 2-10 mm in diameter. Secondary outcomes included biochemical pregnancy rate (BPR) which was defined as a positive serum beta hCG, but without development of a gestational sac identifiable by sonography, secondly, clinical pregnancy rate (CPR) which was defined with a confirmed gestational sac, visible fetal pole with cardiac activity, and lastly, live birth rate (LBR).
Statistical Analysis
Statistical analysis was performed using Statistical Package for the Social Sciences (SPSS) software, version 22.0 for Windows (SPSS, Inc., Chicago, IL, USA). The Kolmogorov-Smirnov and Shapiro-Wilk tests were used to test normality of distribution. In the statistical comparison of categorical variables according to the ovarian reserve status, chi-square test was performed. The Mann Whitney U test was used for statistical comparison of quantitative measurements to determine the association according to FSH groups. When the FSH variable was considered as dependent variable and other variables were considered as independent variables, prediction model was tested by logistic regression analysis. The statistical significance of differences in the distribution of variables including BPR, CPR and LBR between blood group types was evaluated using Pearson chi-squared test. A p-value of <0.05 was accepted as statistically significant.
Results
Baseline demographical and clinical characteristics of the patients are shown in table 1. Overall mean age and BMI of the study cohort were 29.3±5.6 years and 24.3±4.6 kg/m 2 , respectively. The overall distribution of blood groups in the cohort were as follows: 45.9% (Group A), 20.2% (Group B), 6.4% (Group AB), 27.3% (Group O). Of the 311 patients, 274 (88.1%) were Rhesus factor positive, while 37 (11.8%) patients were Rhesus factor negative.
As expected, patients with DOR had significantly higher levels of FSH (12.9±3.7 vs 6.1±1.7, p <0.001) and lower AFC than patients with normal ovarian reserve (8.1±5.5 vs 15.7±7.2, p<0.001) ( Table 1 ). There were no significant differences among duration of infertility and other hormone levels including luteinizing hormone (LH) and estradiol (p=0.433, p=0.353 and p=0.146, respectively).
As shown in table 2, participants were additionally divided into subgroups based on their antigenic status. Similarly, to the blood type results, neither A (blood type A+AB) antigen nor B antigenic status (blood type B+AB) were associated with ovarian reserve (p=0.53, p=0.80, respectively).
Factors associated with elevated FSH levels are analyzed by logistic regression tests as presented in table 3. Elevated FSH levels were significantly associated with advanced age and lower AFC (p<0.001, for both), while not associated with LH and estradiol levels, blood group types and Rhesus factor (p=0.091, p=0.137, p=0.909 and p=0.219, respectively). Table 4 shows the association between blood group types and pregnancy outcomes. No difference was observed among four blood type groups in terms of biochemical (BPR), clinical pregnancy (CPR) and live birth rates (LBR) (for BPR; p=0.876, for CPR; p=0.895 and for LBR; p=0.433, respectively). In addition, there was no significant correlation between Rhesus factor and pregnancy outcomes (p=0.238, for BPR). 
Discussion
Our study has demonstrated that there is no association between ABO blood types and ovarian reserve markers. Neither blood types nor A or B antigen contributes as a risk or protective factor for DOR. In addition, blood groups and Rhesus factor do not affect pregnancy outcomes.
In 2011, Nejat et al. reported that blood types with the A antigen are protective for ovarian reserve, while blood type O appears to be associated with elevated FSH levels and DOR (15) . They cited an earlier study which suggested that blood group A was significantly more frequent among patients with OHSS (13) . In this report, Binder and colleagues had explained the association between the blood types and OHSS with genetic inherence, enzymes and proteins, such as group A transferase, gylcosyl transferase and N-acetyl glucosaminyl transferase-1 (17) . However, Bellver et al. reported that they did not find any association between blood group antigens and OHSS in a cohort with similar clinical and demographical characteristics (18) . The results of the data on the relationship between the development of blood groups and OHSS occurrence are contradictory in the existing literature. Another study with a large cohort included approximately 35,000 participants, while blood type O was being found to be significantly protective for DOR occurrence, potential risk of DOR was significantly higher in patients with B antigen (blood type B or AB) (19) . The authors also added that A antigen was not associated with ovarian reserve status.
In our study, demographical data were similar between blood types. Mean age, BMI, duration of subfertility between blood type subgroups were analogous. Blood type subgroup ratios between FSH ≤10 mIU/mL and FSH >10 mIU/mL groups were vicinal. From that result, we did not observe any relationship in groups, which has similar demographical data. In addition, we did not observe any association between ovarian reserve and antigenic status independent of blood groups. In parallel with our findings, Timberlake et al. and some other researchers reported similar results (16) . They defined DOR as FSH >10 mIU/mL in their study population and they reported female age and lower AFC were associated with DOR. Sengül et al. reported similar results and their findings showed only female age had an impact on ovarian reserve (20) .
We have also investigated the relationship between blood types and pregnancy outcomes, and we did not find an association in terms of clinical pregnancy rates, and live birth rates. Similar to our findings, Spitzer and colleagues also failed to show any association between blood group antigens and IVF outcomes, including collected oocyte counts and LBR (21) . In the light of their results, they emphasized that it would not be accurate to estimate the fertility potential, and presumption of pregnancy may be reduced on certain blood groups.
This study has some limitations to be mentioned. Firstly, our findings are limited by its relatively small sample size, and further prospective studies with extended population are warranted. Secondly and most importantly, we did not analyze AMH levels of the participants due to lack of financial resources. Since only one-third of our study population had AMH values, we could not add this evaluation to the study. To get over that lacking data, we added AFC to FSH levels to measure ovarian reserve at the first place.
In conclusion, we observed that there is no association between blood types and ovarian reserve markers. As previously revealed, age and AFCs have predictive value in evaluating ovarian reserve status. Furthermore, blood groups have limited efficacy in predicting pregnancy outcomes in infertile pa- 
